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Abstract

Stemming is an important analysis step in
a number of areas such as natural lan-
guage processing (NLP), information re-
trieval (IR), machine translation(MT) and
text classification. In this paper we present
the development of a stemmer for Amharic
that reduces words to their citation forms.
Amharic is a Semitic language with rich and
complex morphology. The application of
such a stemmer is in dictionary based cross
language IR, where there is a need in the
translation step, to look up terms in a ma-
chine readable dictionary (MRD). We apply
a rule based approach supplemented by oc-
currence statistics of words in a MRD and
in a 3.1M words news corpus. The main
purpose of the statistical supplements is to
resolve ambiguity between alternative seg-
mentations. The stemmer is evaluated on
Ambharic text from two domains, news arti-
cles and a classic fiction text. It is shown to
have an accuracy of 60% for the old fash-
ioned fiction text and 75% for the news arti-
cles.

Introduction

Lars Asker
Department of Computer and
Systems Sciences
Stockholm University/KTH, Sweden
asker @lsv. su. se

involves dealing with prefixes, infixes and deriva-
tives in addition to the suffixes. Stemming is widely
used in IR, with the assumption that morphologi-
cal variants represent similar meaning. It is applied
during indexing and is used to reduce the vocab-
ulary size, and it is used during query processing
in order to ensure similar representation as that of
the document collection. In cross language infor-
mation retrieval (CLIR) where a query is typically
posed in one language, and the document collection
from where the documents are retrieved is in another
language, some form of translation is required. For
low resource languages such as Amharic, machine
readable dictionaries (MRDs) play a crucial role by
enabling look up of translations of query terms. In
most cases such MRDs have all entries represented
only by their citation form. Thus in CLIR applica-
tions, it is of outmost importance that query terms
in the source language are reduced to the exact cor-
responding citation form as presented in the MRD.
In this paper we address this particular problem of
stemming Amharic words and reducing them to their
citation forms for CLIR applications.

The remainder of the paper is organized as fol-
lows. Section 2 provides a background information
about the Amharic language, followed by related
work in Section 3 and a brief description of Amharic

Stemming is the process of reducing morphologimorphology in Section 4. Section 5 presents the re-
cal variants of a word into a common form. Forsources utilized, while Section 6 deals with a de-

morphologically less complex languages like Engtailed description of the stemmer. In section 7 we

lish or Swedish, this usually involves removal of suf-describe experiments conducted to evaluate the per-
fixes. For languages like Amharic or Arabic, thatformance of the stemmer and discuss the obtained
have a much richer morphology, this process alseesults. We give concluding remarks in Section 8.
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2 The Amharic Language distinction in modern Amharic. There are many
cases where numerous symbols are used to denote
Ambharic is the official working language of the fed-a single phoneme, as well as words that have ex-
eral government of the Federal Democratic Repuliremely different orthographic form and slightly dis-
lic of Ethiopia and is estimated to be spoken byinct phonetics, but with the same meaning. So are,
well over 20 million people as a first or second lanfor example, most labialised consonants basically
guage. Amharic is the second most spoken Semitiedundant, and there are actually only 39 context-
language in the world (after Arabic). It is todayindependent phonemes (monophones): of the 275
probably the second largest language in Ethiopia (aéymbols of the script, only about 233 remain if the
ter Oromo, a Cushitic language) and possibly ongdundant ones are removed. The script also has a
of the five largest languages on the African contiunique set of punctuation marks and digits. Unlike
nent. Following the Constitution drafted in 1993,Arabic or Hebrew, the language is written from left
Ethiopia is divided into nine fairly independent re-to right.
gions, each with it's own nationality language. HOw-  The Amharic writing system uses multitudes of
ever, Amharic is the language for country-wide comgyays to denote compound words and there is no
munication and was also for a long period the pringgreed upon spelling standard for compounds. As
cipal literal language and medium of instruction ing result of this - and of the size of the country lead-

primary and secondary schools of the country, whilgyg to vast dialectal dispersion - lexical variation and
higher education is carried out in English. Despit¢omophony is very common.

it's wide speaker population, computational linguis-
tic resources for Amharic, as most 'low resource3 Related work
languages, are very limitted and almost non existent.

Written Amharic uses a unique script which ha$ioneering the work on morphological analysis of
originated from the Ge’ez alphabet (the liturgicalAmharic verbs, Abiyot (Bayou, 2000) designed
language of the Ethiopian Orthodox Church). Writand implemented a prototype word parser for
ten Ge'ez can be traced back to at least the 4thmharic verbs and their derivation. He designed
century A.D. The first versions of the language ina knowledge-based system that parses verbs, and
cluded consonants only, while the characters in laterouns derived from verbs. He used root pattern and
versions represent consonant-vowel (CV) phonenadfixes to determine the lexical and inflectional cat-
pairs. In the modern Ethiopic script each syllableegory of the words. He tested his system on a lim-
pattern comes in seven different forms (called orited number of words (200 verbs and 200 nouns) and
ders), reflecting the seven vowel sounds. The firshe result showed that 86% of the verbs and 84% of
order is the basic form; the other orders are deriveithe nouns were recognized correctly. Another proto-
from it by more or less regular modifications in-type morphological analyzer for Amharic was devel-
dicating the different vowels. There are 33 basioped by Tesfaye Bayu (Bayu, 2002) where he used
forms, giving 7*33 syllable patterns (syllographs),an unsupervised learning approach based on prob-
or fidels. Two of the base forms represent vowabilistic models to extract morphemic components
els in isolation, but the rest are for consonants (qprefix, stem and suffix) to construct a morpholog-
semi-vowels classed as consonants) and thus cacal dictionary. He also investigated an approach
respond to CV pairs, with the first order being thevhereby he applied the principle of Auto segmental
base symbol with no explicit vowel indicator. ThePhonology to identify morphemic component of a
writing system also includes four (incomplete, fivesstem such as consonantal root, vocalic melodies and
character) orders of labialised velars and 24 addEV-templates. The first system was able to parse
tional labialised consonants. In total, there are 278uccessfully 87% of words of the test data (433 of
fidels, but not all the letters of the Amharic script500 words). This result corresponds to a precision
are strictly necessary for the pronunciation patternsf 95% and a recall of 90%. Tested with 255 stems,
of the spoken language; some were simply inheritetthe second system identified the morphemic compo-
from Ge’ez without having any semantic or phoneticentes of 241 (or 94% of the) stems correctly.
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Fissaha and Haller (Fissaha and Haller, 2003) digach system. Although that is the case, none of them
cuss the morphology of Amharic verbs in the contexare publicly available, and/or are limitted in some
of Machine Translation and present an implemetaway. For our current task of stemming for the pur-
tion of a morphological analyser for Amharic us-pose of CLIR dictionary lookup, full fledged mor-
ing Xerox Finite State Tools (XFST). The differentphological analysis is most likely an overkill since
classification shemes for Amharic verbs that havere only need citation forms of words, and precision
been forwarded are discussed followed by the impliplays a very important role.
cation such classifications have on the implementa-
tion strategy. They claim that morphological analy4 Ambharic Morphology
sis for Amharic with XFST can handle most of the
morphologcal phenomena except some derivatioAmharic has a rich verb morphology which is based
processes which involve simultaneous application @n triconsonantal roots with vowel variants describ-
both stem interdigitation and reduplication. Sab#g modifications to, or supplementary detail and
and Gibbon (Amsalu and Gibbon, 2005) extend theariants of the root form. A significantly large part
XFST implementation of Amharic morpholgy to in- of the vocabulary consists of verbs, which exhibit
clude all word categories. Testing with 1620 wordslifferent morphosyntactic properties based on the
text from an Amharic bible, they report recall levelsarrangment of the consonant-vowel patterns. For ex-
of 94% for verbs, 85% for nouns, and 88% for adjecample, the roossbr, meaning 'to break’ can have
tives while they report precisions of 94% for nounsthe perfect formsabkar with the pattern CVC-
81% for adjectives, 91% for adverbs, and 54% foCVC?, imperfect formsabr with the pattern CVCC,
verbs, at the above specified recall levels. gerund formsabr with the pattern CVCC, imper-

A more recent work that applies Conditionalative form skar with the pattern CCVC, causative
Random Fields to segment and part of speech tdgrm assibkar with the patternasCVCCVC, pas-
Ambharic words is done by Fissaha (Adafre, 2005)sive form tasabbar with the patternta-CVCCVC,

He reports an accuracy of 84% for the word segmeretc. Subject, gender, number, etc are also indicated
tation. The work deals with bound morphemes o&s bound morphemes on the verb, as well as objects
prepositions, conjunctions, relative markers, auxiland possesion markers, mood and tense, benefica-
iary verbs, nagation marker and coordinate conjundive, malfactive, transitive, dative, negative, etc, pro-
tion, but leaves out other bound morphemes such dsicing a complex verb morphology.

definite article, agreement features such as genderamharic nouns can be inflected for gender, num-
and number, case markers, etc, and considers thejgr, definiteness, and case, although gender is usu-
to be part of the word. The best result (84%) is obally neutral. Adjectives behave in the same way as
tained by using character, morphological and lexicalouns, taking similar inflections, while prepositions
features. are mostly bound morphemes prefixed to nouns. The

There has been a work done by Alemayehu angefinte article in Amharic is also a bound morpheme,
Willet (Alemayehu and Willett, 2002) which inves- and attaches to the end of a noun. We have given a
tigates the effectiveness of stemming in informatioRery brief description of some aspects of Amharic
retrieval for Amharic. They compare performancenorphology, detailed information can be found in
of word-based, stem-based, and root-based retriey@ender, 1968), (Bender and Fulas, 1978), (Yimam,
of 40 Amharic queries against 548 Amharic docu4995).
ments, and show better recall levels for stem and \ye have constructed 65 rules based on the entire
root based retrieval over word based, but they dongmnaric morphology for the purpose of this study.
provide information on the precision of these experrpe ryles vary from simple affixation rules to each

iments. word category to allowed combinations of prefixes

All the above mentioned works attempt to addresgnq syffixes for each word category and set of af-
the need to develop a morphological analyser fg§yes.

Ambharic, and show that there has been a great deal
of effort put in the design and implementation of *C stands for consonants and V for vowels
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5 Resources 5.3 Transliteration

The dictionaries and all Amharic news texts men-
5.1 The Corpora tioned above are published using Ethiopic script and
using a variety of fonts, some of which are not Uni-
We have utilized three different sources of textode compliant. In order to simplify the analysis
for the development of the stemmer and the exand to have a unified representation of the texts, we
periments. The first is a collection of news artransliterated all Amharic texts into SERA which is
ticles from an online news repository, Ethiopiana system for ASCII representation of Ethiopic char-
News Headlines (ENH), which is available atacters (Firdyiwek and Yacob, 1997).
http://www.ethiozena.net. This corpus consists of The transliteration was done using a file conver-
3.1 million words of Amharic news text in a little sion utility calledg2 which was made available to
more than 10,000 articles. This corpus was useags by Daniel Yacob of the Ge’ez Frontier Founda-
to collect word frequency and prefix and suffix station (http://www.ethiopic.org/).
tistics i.e. the number of times an affix occurs at-
tached to a known stem, and the occurence st- The Stemmer
t!St'CS was usgd to dlsamplguate between alternqrhe stemmer first creates a list consisting of all
tive segmantations of a given word. The seconEﬁl

. her Ethiopi Wal ossible segmentations of the word that is to be
text source is another Ethiopian news agency, Wallg, .\ med. In a second step, each such segmenta-

Ihnfo.r/r/natlon Clen_tefr (WIC) which cag be four_1d ion is then verified by matching each candidate stem
dttp. IWW(;N';V? tain o.ccc:)m. V\Ile useh News Itemsagainst the machine readable dictionary. If no stem
downioaded from WIC 1o evaluate the stemmer Othatches the dictionary, the stemmer will modfy the
independent news texts from another source. T
third text, which was also used for evaluation, I%‘natches, the most likely stem will be selected after

from the Amharic now_—:-l ”Fikir Iske Meqgabir’ (FIM) disambiguating between the candidate stems based
by the renowned Ethiopian author Dr. Hadis Ale-

_ on statistical and other properties of the stems. In
ma_yehg. This text (FIM) was selected for the eval-he cases when exactly one stem matches the dictio-
uation in order to see h_OW well the ster.nme.r woul ary then that segmentation will be presented as the
perform on a text tha'_[ differed substantially in Styleoutput from the stemmer.
from the news collection.

em and redo the matching. If more than one stem

6.1 Segmentation

For each new word the stemmer first creates a list
of possible segmentations by applying a list of mor-

The simplest and most straight forward way for thhological rules for allowed prefixes and suffixes. In

stemmer to verify that a suggested segmentation S way, the word ndemi nor ewna would for ex-
correct is to try to look up the stem in a dictionary2MPle be segmented into the following 9 different

For this purpose we used three different dictionar/@ys:
ies, an Amharic - English, an Amharic - French, and

5.2 The Dictionaries

an Amharic - Amharic dictionary. The Amharic - (1) I ndem nor ewna

English dictionary, by Dr. Amsalu Aklilu, contains ( 2) I ndem norew - na

15 000 Amharic words with their English transla- ( 3) I ndem nore -w -na
tions (Aklilu, 1981). The Amharic - French dic- (4) I nde- mi norewna

tionary (Abebe, 2004) has 12 000 Amharic entries ( 5) I nde- minorew -na
while the Amharic - Amharic dictionary by Kesatie ( 6) I nde- minore -w -na
Birhan has 56 000 entries (Tesema, ). All three (7) I nde- mi - norewna
dictionaries were made available to us in electronic( 8) I nde- m - norew -na
form, transliterated to SERA and then merged and( 9) Inde- mi- nore -w -na

represented in a form suitable for the stemmer.
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For each of the 9 possible segmentations, the reve first need to add the vowel at the end of the
maining stem is then matched against the (mergedjem. For the worast awgWal which should cor-
three dictionaries. In this case, the only one that ieectly segment intast awege - W -al we will
found as entry in the dictionary isor e, so alterna- first have to inseré both betweenvandq and again
tive 9 is selected as the most likely segmentation after g to reach the correct form of the stem. This

the word. process of modifying the stem by adding vowels, is
_ _ _ applied to the candidate stems if no matches by the
6.2 Disambiguation unmodifed stems are made in the dictionary. For

If more than one of the candidate stems are matchéde current implementation of the stemmer, this is
in the dictionary, those segmentations that have @done by inserting one of the vowels e’ or 'a’ be-

stem that matches an entry in the dictionary arveen the consonants if the unmatched stem con-
ranked according to length and frequency of théains two consecutive consonants, or after the last
stem. The longest stem that have a match in treonsonant if the stem ends in a consonant. If exactly
dictionary is selected and if more than one stem aine of the modifed stems will match the dictionary,

equal length matches the dictionary then the stetthen that segmentation will be ranked as the most
that is more frequent is preferred before the less fréikely. If more than one modifed stem matches, then
quent. The frequency score is based on how oftehe longest will be selected. For the words where
the stem occurs in the ENH corpus described abovthis modification of the stem is done, approximately
The wordbet eyazewwould for example be seg- 30% will successfully match their correct entry in

mented in the following ways: the dicionary while 20% make an incorrect match
and the remaining 50% will not match the dictionary

(1) beteyazew atall.
(2) beteyaze -w
(3) beteyaz -e -w 6.4 Out-of-dictionary terms
(4) be- teyazew
(5) be- teyaze -w Finally, the approximately 15% of the words that do
(6) be- teyaz -e -w not have any stem that matches entries in the dic-
(7) be- te- yazew tionary (even after the modifiaction) will be ranked
(8) be- te- yaze -w according to the length of the stem and the number
(9) be- te- yaz -e -w of times that the stem occurs in the ENH corpus. In

this case, it is the shorter stems that are preferred.

In this case the three sterhgyaze (5), yaze For example the worthekom xnu will have four
(8) andyaz (9) all have matching entries in the dic-Possible segmentations, none of which occurs in the
tionary butt eyaze is selected as the most likely dictionary.
stem since it is the longest.
6.3 Modification (1) bekon xnu
For approximately 30% of the words, the stem does (2) bekom xn -u
not match the dictionary. In these cases, the stem (3) be- kom xnu
will be slightly modifed and a second attempt to  (4) be- kom xn -u
match the entries in the dictionary will be done. For
example the word ndegel eSut should correctly
be segmented intonde- gel eSe -u -t. With In this case, alternative &oni xn is the short-
the approach described so far, the segmentati@st stem that occurs as a unique word in the ref-
based on prefixes and suffixes would yield the stemrence corpus and is therefor selected as the most
gel eS which will not have a match in the dictio- likely segmentation before either one of the alterna-
nary. Instead, for the dictionary lookup to succeedjve stemshekoni xnu, bekom xn orkom xnu.
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7 Experimental Evaluation entries in the three MRDs for verification purposes.

In ord | h f f th These MRDs altogether consist of a limitted amount
n order to evaluate the performance of the St_e"Bf entries, overall 83000, with a very high level of

mer, we selected the first 1503 words (= 1000 unlqu(Slverlap, leaving 47176 unique entries. Although itis

vvlords) Ifro:nc;he X\%C cordpuls destcrlti[)(?d ab;)r:/ e'bW@ot the largest source of error, it accounts for around
also selected a words long text from the DOO% 5oy of the words segmentation decided on corpus

"Fikir Iske Meqabir” to get a text with 300 unique statististics only since they are not found in the dic-

wo(;ds.h WIC d h had I tionaries. We intend to use more dictionaries with
n the ata the stemmer had an overall aGy,q assumption that there will be a performance in-

0 0 - . . . . .
C”ralé’ of 36'9 /Ol' For 48 % of the_ worc_i::], the Sterr?crease with the increasing number of citation forms
mer found exactly one segmentation with a stem thal, . oter 1o On the other hand, increasing the amount

was matching the dictionary, and for these Wordaf citation forms also will increase the percentage

I 0, 0,

It he;d a?] accuracy if 83675 %. I;or 36.3 % of th%f words that will have more than one match in the
vyor S, the stemmer Ol_m_ more than one Segm(:"mt‘j'fctionaries. That would lead us to focus on the dis-
tion that matched the dictionary and therefor neede biguation strategy in the future. So long as the

to do additional disambiguation between altemativ%orphological rule exists, we are able to get the cor-

segmentations. For these words, the stemmer h?éict segmentation for a word in a possible segmen-

an accuracy of 69.1 %. For the remaining 15.7 % c{fations list. And when we have two or more likely
the words, the stemmer found no match in the dictioz

i ’ segmentations that are picked out since they have
nary for any of the possible segmentations. Forthe?ﬁatching stems in dictionaries, we need to design a

0
words the stemmer had an accuracy of 73.9 %. IQmarter way of disambiguation that would take into

the cases when there is only one maich in the d'Ct'%fccount contextual information and part of speech

Ear%/, the etxtr;:l_ SOULC_eS f?r grrtor that Ttre mttr_oduc gs, etc, in addition to the currently used occurence
y aw_ng 0 |sam_|gua e between alternative segr-equency approach.
mentations are avoided and hence the stemmer has,

Although conducting a full fl morphological

best accuracy for those words that have exactly one ough co duc_ gatu edged morpho ogica
. . . . .~ anhalyser for Amharic is beyond the scope of this pa-
segmentation with a stem that will match the dictio- . .
nary per, we would like to note that there is a need to cre-

For the 300 unique words from Fikir Iske ate a forum for collaboration and exchange among

. researchers involved in developing NLP resources
Megabir, the stemmer had an overall accuracy F ping

. . 9or Amharic and other Semitic languages and orga-
60.0 % In a similar fashion as for the WIC data, the_. . nguag rga
hize the considerable effort that is being made indi-
stemmer performed best on the subset of words for .
. . - vidually. We also hope that some of the ideas and
which there was exacly one match in the dictionary, . : .
‘%rocedures that are described in this paper could

a

For this group the performance was 68.8 % corre e more generally applicable to other Semitic lan-
but the overall accuracy was lowered by the fact th g y app

the stemmer performed worse on the words that h%]
either more than one match, or no match at all in t
dictionary. These numbers were 54.8 % and 42.1
respectively.

ages as well.
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